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WEEKLY  EVENING  MEETING, 

Friday,  January  23. 

Sir  John  P.  Boileau,  Bart.,  F.R.S,  V.P.  in  the  Chair. 

Professor  Faraday,  ] 

On  the  Lines  of  Magnetic  Force. 

That  beautiful  system  of  power  which  is  made  manifest  in  the 
magnet,  and  which  appears  to  be  chiefly  developed  in  the  two 
extremities,  thence  called  ordinarily  the  magnetic  poles,  is  usually 
rendered  evident  to  us  in  the  case  of  a particular  magnet  by  the 
attractive  or  repulsive  effect  of  these  parts  on  the  corresponding 
parts  of  another  magnet ; and  these  actions  have  been  employed, 
both  to  indicate  the  direction  in  which  the  magnetic  foi’ce  is 
exerted  and  also  the  amount  of  the  force  at  different  distances. 
Thus,  if  the  attraction  be  referred  to,  it  may  he  observed  either 
upon  another  magnet  or  upon  a piece  of  soft  iron ; and  the  law 
which  results,  for  effects  beyond  a certain  distance,  is,  that  the 
force  is  inversely  as  the  square  of  the  distance.  When  the  dis- 
tances of  the  acting  bodies  from  each  other  is  small,  then  this 
law  does  not  hold,  either  for  the  surface  of  the  magnets  or  for 
any  given  point  within  them. 

Mr.  Faraday  proposes  to  employ  a new  method,  founded  upon 
a property  of  the  magnetic  forces  different  from  that  producing 
attraction  or  repulsion,  for  the  purpose  of  ascertaining  the  direction, 
intensity,  and  amount  of  these  forces,  not  to  the  displacement  of 
the  former  method  but  to  be  used  in  conjunction  with  it;  and  he 
thinks  it  may  be  highly  influential  in  the  further  development  of 
the  nature  of  this  power,  inasmuch  as  the  principle  of  action, 
though  different,  is  not  less  magnetic  than  attraction  and  repulsion, 
not  less  strict,  and  the  results  not  less  definite. 

The  term  line  of  magnetic  force  is  intended  to  express  simply 
the  direction  of  the  force  in  any  given  place,  and  not  any  phy- 
sical idea  or  notion  of  the  manner  in  which  the  force  may  be 
there  exerted ; as  by  actions  at  a distance,  or  pulsations,  or 
waves,  or  a current,  or  what  not.  A line  of  magnetic  force  may 
be  defined  to  be  that  line  which  is  described  by  a very  small 
magnetic  needle,  when  it  is  so  moved  in  either  direction  corre- 


106 


NOTICES  OF  THE  MEETINGS 


[Jan.  23, 


spondent  to  its  length,  that  the  needle  is  constantly  a tangent  to 
the  line  of  motion ; or,  it  is  that  line  along  which,  if  a transverse 
wire  be  moved  in  either  direction,  there  is  no  tendency  to  the 
formation  of  an  electric  current  in  the  wire,  whilst  if  moved  in 
any  other  direction  there  is  such  a tendency.  The  direction  of 
these  lines  about  and  between  ordinary  magnets  is  easily  repre- 
sented in  a general  manner  by  the  well  known  use  of  iron  filings. 

The  method  of  recognizing  and  taking  account  of  these  lines  of 
force  which  is  proposed,  and  was  illustrated  by  experiments  during 
the  evening,  is  to  collect  and  measure  the  electricity  set  into 
motion  in  the  moving  transverse  wire ; a process  entirely  different 
in  its  nature  and  action  to  that  founded  on  the  use  of  a magnetic 
needle.  That  it  may  be  advantageously  employed,  excellent  con- 
ductors are  required ; and  therefore  those  proceeding  from  the 
moving  wire  to  the  galvanometer  were  of  copper  0.2  of  an  inch 
in  thickness,  and  as  short  as  was  convenient.  The  galvanometer, 
also,  instead  of  including  many  hundred  convolutions  of  a long 
fine  wire,  consisted  only  of  about  48  or  50  inches  of  such  wire 
as  that  described  above,  disposed  in  two  double  coils  about  the 
astatic  needle  : and  that  used  in  the  careful  research  contained 
only  20  inches  in  length  of  a copper  bar  0.2  of  an  inch  square. 
These  galvanometers  shewed  effects  30,  40,  or  50  times  greater 
than  those  constructed  with  fine  wire ; so  abundant  is  the  quantity 
of  electricity  produced  by  the  intersections  of  the  lines  of  magnetic 
force,  though  so  low  in  intensity. 

The  lines  of  force  already  described  will,  if  observed  by  iron  filings 
or  a magnetic  needle  or  otherwise,  be  found  to  start  off  from  one 
end  of  a bar  magnet,  and  after  describing  curves  of  different  magni- 
tudes through  the  surrounding  space,  to  return  to  and  set  on  at  the 
other  end  of  the  magnet ; and  these  forces  being  regular,  it  is  evident 
that  if  a ring,  a little  larger  than  the  magnet,  be  carried  from  a 
distance  towards  the  magnet  and  over  one  end  until  it  has  arrived  at 
the  equatorial  part,  it  will  have  intersected  once  all  the  external  lines 
of  force  of  that  magnet.  Such  rings  were  soldered  on  to  fitly  shaped 
conductors  connected  with  the  galvanometer,  and  the  deflections  of 
the  needle  observed  for  one,  two,  or  more  such  motions  or  intersec- 
tions of  the  lines  of  force  : it  was  stated  that  when  every  precaution 
was  taken,  and  the  results  at  the  galvanometer  carefully  observed, 
the  effect  there  was  sensibly  proportionate  for  small  or  moderate  arcs 
to  the  number  of  times  the  loop  or  ring  had  passed  over  the  pole. 
In  this  way,  not  only  could  the  definite  actions  of  the  intersecting 
wire  be  observed  and  established,  but  also  one  magnet  could  he 
compared  to  another,  wires  of  different  thickness  and  of  different 
substances  could  be  compared,  and  also  the  sections  described  by 
the  wire  in  its  journey  could  be  varied.  When  the  wire  was  the 
same  in  length,  diameter,  and  substance,  no  matter  what  its  course 
was  across  the  lines  of  force,  whether  direct  or  oblique,  near  to  or  far 
from  the  poles  of  the  magnet,  the  result  was  the  same. 
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A compound  bar  magnet  was  so  fitted  up  that  it  could  revolve  on 
its  axis,  and  a broad  circular  copper  ring  was  fixed  on  it  at  the  middle 
distance  or  equator,  so  as  to  give  a cylindrical  exterior  at  that  place. 
A copper  wire  being  made  fast  to  this  ring  within,  then  proceeded  to 
the  middle  of  the  magnet,  and  afterwards  along  its  axis  and  out  at 
one  end.  A second  wire,  touched,  by  a spring  contact,  the  outside  of 
the  copper  ring,  and  was  then  continued  outwards  six  inches,  after 
which  it  rose  and  finally  turned  over  the  upper  pole  towards  the  first 
wire,  and  was  attached  to  a cylinder  insulated  from  but  moving  round 
it.  This  cylinder  and  the  wire  passing  through  it  were  con- 
nected with  the  galvanometer,  so  that  the  circuit  was  complete ; but 
that  circuit  had  its  course  down  the  middle  of  the  magnet,  then 
i outwards  at  the  equator  and  back  again  on  the  outside,  and  whilst 

!j!  always  perfect,  allowed  the  magnet  to  be  rotated  without  the  external 
| part  of  the  circuit,  or  the  latter  without  the  magnet,  or  both  together. 
i1  When  the  magnet  and  external  wire  were  revolved  together,  as  one 
arrangement  fixed  in  its  parts,  there  was  no  effect  at  the  galvan- 
ometer, however  long  the  rotation  was  continued.  When  the  magnet 
with  the  internal  wire  made  four  revolutions,  as  the  hand  of  a watch, 
the  outer  conductor  being  still,  the  galvanometer  needle  was  deflected 
35°  or  40°  in  one  direction  : when  the  magnet  was  still,  and  the  outer 
wire  made  four  revolutions  as  the  hands  of  a watch,  the  galvan- 
ometer needle  was  deflected  as  much  as  before  in  the  contrary  direc- 
tion : and  in  the  more  careful  experiments  the  amount  of  deflection 
t for  four  revolutions  was  precisely  the  same,  whatever  the  course  of 
the  external  wire,  either  close  to  or  far  from  the  pole  of  the  magnet. 
Thus  it  was  shewn,  that  when  the  magnet  and  the  wire  revolved  in 
the  same  direction,  contrary  currents  of  electricity,  exactly  equal  to 
each  other,  tended  to  he  produced  ; that  those  outside  resulted  from 
the  intersection  by  the  outer  wire  of  the  lines  of  magnetic  force 
external  to  the  magnet ; that  wherever  this  intersection  was  made 
the  result  was  the  same ; and  that  there  were  corresponding  lines 
of  force  within  the  magnet,  exactly  equal  in  force  or  amount  to  those 
| without,  but  in  the  contrary  direction.  That  in  fact  every  line  of 
magnetic  force  is  a closed  curve,  which  in  some  part  of  its  course, 
passes  through  the  magnet  to  which  it  belongs. 

In  the  foregoing  cases  the  lines  of  force,  belonging  as  they 
did  to  small  systems,  rapidly  varied  in  intensity  according  to  their 
distance  from  the  magnet,  by  what  may  be  called  their  divergence. 
The  earth,  on  the  contrary,  presents  us,  within  the  limits  of  one 
j action  at  any  one  time,  a field  of  equal  force.  The  dipping  needle 
indicates  the  direction  or  polarity  of  this  force ; and  if  we  work  in 
a plane  perpendicular  to  the  dip,  then  the  number  or  amount  of 
the  lines  of  force  experimented  with  will  be  in  proportion  to  the 
area  which  our  apparatus  may  include.  Wires  were  therefore 
■ formed  into  parallelograms,  inclosing  areas  of  various  extent,  as 
| one  square  foot,  or  nine  square  feet,  or  any  other  proportion,  and 
5 being  fixed  upon  axes  equidistant  from  two  of  the  sides  could 
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have  these  axes  adjusted  perpendicular  to  the  line  of  dip  and  then 
be  revolved.  A commutator  was  employed  and  associated,  both 
with  the  galvanometer  and  the  parallelograms,  so  that  the  upper 
part  of  the  revolving  wire  always  sent  the  current  induced  in  it 
in  the  same  direction.  Here  it  was  found  that  rotation  in  one 
direction  gave  one  electric  current ; that  rotation  in  the  reverse 
direction  gave  the  contrary  current ; that  the  effect  at  the  gal- 
vanometer was  proportionate  to  the  number  of  rotations  with  the 
same  rectangle  ; that  with  different  sized  rectangles  of  the  same  wire 
the  effect  was  proportionate  to  the  area  of  the  rectangle,  i.  e.  the  num- 
ber of  curves  intersected,  &c.  &c.  The  vicinity  of  other  magnets 
to  this  magnet  made  no  difference  in  the  effect  provided  they 
were  not  moved  during  the  experiments  ; and  in  this  manner  the 
non-interference  of  such  magnets  with  that  under  investigation  was 
fully  established. 

All  these  and  other  results  are  more  fully  stated  and  proved  in 
papers  now  before  the  Royal  Society.  The  general  conclusions  are, 
that  the  magnetic  lines  of  force  may  be  easily  recognized  and  taken 
account  of  by  the  moving  wire,  both  as  to  direction  and  intensity, 
within  metals,  iron  or  magnets,  as  well  as  in  the  space  around  ; and 
that  the  wire  sums  up  the  action  of  many  lines  in  one  result : That 
the  lines  of  force  wrell  represent  the  nature,  condition,  direction,  and 
amount  of  the  magnetic  forces  : That  the  effect  is  directly  as  the 
number  of  lines  of  force  intersected,  whether  the  intersection  be 
direct  or  oblique  : That  in  a field  of  equal  force,  it  is  directly  as  the 
velocity  ; or  as  the  length  of  the  moving  wire ; or  as  the  mass  of 
the  wire : That  the  external  power  of  an  unchangeable  magnet  is 
definite  yet  illimitable  in  extent ; and  that  any  section  of  all  the  lines 
of  force  is  equal  to  any  other  section  : That  the  lines  of  force  within 
the  magnet  are  equal  to  those  without : and  that  they  are  con- 
tinuous with  those  without,  the  lines  of  force  being  closed  curves. 

[M.F.] 


In  the  Library,  were  exhibited  : — 

Portrait  of  Shakspeare  (fac-simile  in  all  but  colour  of  the  remains 
of  a Portrait  on  Panel  by  his  partner,  Richard  Burbage,  1597). 
[Presented  by  W.  Nicol,  Esq.  M.R.I.] 

Whitworth' s Surfaces  : — i.e.  Two  Iron  Plates,  the  surfaces  made 
so  true  by  scraping,  not  grinding,  that  when  one  is  placed  on  the 
other,  they  will  not  touch  until  the  film  of  air  between  them 
becomes  displaced  by  the  weight  of  the  upper  plate.  [Exhibited 
by  Mr.  J.  G.  Appold.] 

Model  of  Appold’s  Centrifugal  Pump.  [Exhibited  by  Messrs.  Watkins 
and  Hill.] 

Hodges’  Power-Accumulators.  [Exhibited  by  Mr.  Hodges.] 


